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NATIONAL ADVISORY COMMITTIEE FOR ABRONAUTICS

WIED-TUNNEL INVESTIGATIOH OF TEE EFFECT CF JET-NOTCR
OPERATION ON CTA3ILITY

By Wallace F. Davis an: Sherwcod H. Brown
SUMMARY

The effecte of Jet-motor operatiocn on the stebility and
control cheracteristics of tws filciiter—type airplanes as
determined by wind-tunnel tests ¢f 1/6-scale models are pre-
sented. It 1s shown that the cctlon of the jete 1s to cause
a s1all loss in stick-fixed stability which 1s predictatle
from known theoriles.

INTRCOUCTICN

a Jot-propulsion easine dreves alr into a comnrecesor and
delivers 1t to & chackcr where the addltlon and coumtustion
of fuel results 1in a hich-temnersturce gascous milxturc under
high pressure. This mixture 1o then partlelly cxpanded
through a ges turolne and 1le finzll; ejected as a high-
velocity high-temwercture jet. In gereral, the diffusion of
such & Jet 1s the results of the cbsorption of 1ts encrgy by
the surrounding fluld trrough turoulent mixing. The dlameter
of the jJjct incresses slouly at a moxinus diffuslon engle of
ebout 72 (rcfarences 1 and 2) =nd tihe lacreasc in cross-
sectional ‘erea 18 accomparlcd by - decrecse in veloclty. If
the momentum of the spreasdlng Jet 1c to remeln constant, the
decrcese in vcoloclty must be accommenled by an inercasc in
mass flow., -This mecns, of -courso, that part of the fluld in
the surrounding strersm 15 drnwn into the Jet ond the strcem-—
lincs o' the strecem rre deflected towerd the axls of the high-—
veloeclty Jjet. Theorctlical treatnmcnts of thle flow »roblem are
glven in reference 2.

Prior to thc dcvelopment of tiese thecorctical studics,
tests of models of two Tighter-tync rirvlencs, onc with &
single jct motor discharging its hot gases from the tail cnd
the other £ twin-cnglne eirvlernc .ith Jets exheusting ncear the
wing roots, were made in the ames 7- by 10-foot winéd tunncls
to detecrmine the cffects of jJct oncrantion on stsbllity rnd
control. This report prcscnts thc results of these tests with
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& cold Jjet and comneres them witﬁ the chenge in stability
¢csalculeted from theory. -

JET-PROPUL3ION SILULATION

If =ctual Jet-propulsion engine-onecrating conditlons were
to be uscd in wind-tunnel testing, o Ject of the same outlet
velocity and temperature as gencrated by the full-scele cngine
would be nceessery. The difficultics met in prcducing theese
condlitions in a wind-tunnel modcl have made actual simulstion
impractical at the precsent tize, so the Tollowing aprroxiuate
method has been developed,

If it 1s essumed that ject operction dces not affcet the
externcl drag of the engine housling cond thet the static
pressurc at the Jjet outlet 18 ccual to atmcspheric prescure,
the thrust of a Jjet-propulsicn unit rill be cguel to the
rate of chenge 1in the momentum c¢f the fluld emerging fron
the Jet or

T = Mg (Vg = V) + ipVg

where
T thrust force, pounds
M, cass flow of &ir, slugé per scccnd

Vs velocity of fluid at Jet outlet, fcet per seccond

V *  velocity of flight, fect per sccond
Mp mess flow of fuel, slugs ocr sccond
"Then, defining the Jet thrust cocfficicnt Tey' as the thrust

divided by the produet of the dvnsmic pressurc of the free
stream o (lb/sg ft) =&nd the wing arca S (eog ft),

T Yy + Hp N Ey (Vg = V) + Mp Yy
Ve = () (2
Teg qS L F By /A o V28 )
—=

and since



vhere
Py denelty of fluld at Jet outlet, slugs per cuble froot
Ay arce. of Jet outlet, squerc fect
My \P1. V3 Ay (V5 - V) Hp ry V3% ag
T 1 = b \ 0
. . (Mn ¥ MF) ] = 2(.1-*,; + WF pV=2S8

< Pr VJ AJ % /MA + MF )“ V( MA \--
e | () - V() |
L R
_ L, Pl A l A2 RN S PN
=2 05 | Vv, v U‘u, + Ny /

With the jlet-propulsion engincs uscd at the present time lp
will not be morc than 2 rercent of Ky even under cxtrece
conditions. Therefore, if My 1s reglected,

= =
7 |=2(_pl> /‘_Xl) (Xl) Xl_.li

ey e/ \ S. v v l

and the thrust will bte sirulated if the product of the ratios
of the ebove ccuation is the desired conctant., If e cold Jet
is uscd in wind-tunnel teeting, tihe density retio will not be
the same es found urder rctusl conditlions; however, a given
Tcy' can de obtained by edjucting the velue of aJ/S. This

adjuetment wes made in the care »f trhe models by reducing the
Jet—outlet area with a strecamlinced nlug.

The rrincipal scurces of crrar in ueine this rmethod of
Jet simuletion ere the incorrect jJjet temperature and viscosity
and thc change in the manner of lc¢t dAiffusion by thec stream—
lined plug. Both of theese errors vill cffect the inflow about
the jet, ond thus ncseibly the siatlility e£nd control character—
istics of & wirdi-tunnel rodel, Houvever, 1t 1s believed that
these crrors will be suell and of sccondery importence,
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APPARATUS AND METHOD

The arrangement of the 1l/5-scale modeles of the fighter
elrplsnes in the 7- by 10-foot wind tunnel is shown in figures
1l and € and the model dimensions are £iven in figures 3 and U4,
The jet was slnulated by compresscd sir supplied to the model
by the »1ping arrangement shown in figures 1 and 2. This eir
rassed through & mercury sesl that removed any restraint from
the valance system and entered the floating frame along the
center line of rotation in yaw perncndicular to the drag and
crosc—-force~wind axes and elong the exis of the links of the
froni-1lift scrles, The wocdel pitched ebout a fixed verticel
rive, end the rotation of the jet outlet cbout the pivot was
taken by flexible tubing. In order to reduce interference
and tare forces, the length of the pipe that nrojected into
the wind~tunnel eir stream was surrocuinded by a fairing that
was free of the wind-tunnel balence cysten. The Jet-outlet
veloclity was calculated fram mcasureiients obtained from a
thermocouple and callbrated orifices in the plpe leading to
the Jet outlet.

The forces due to Jet operation were measured through
the available Jjet-veloclty range (O to 1000 ft/scc) in a
tunnel-of f calibretion. Since only the effccts of the change
in flow about the model were desired, the nitching moment and
the force components resulting from the thrust of the jet
have been subtracted from the tcst results, ALl the date have
been corrected for wind-tunncl-wall cffects and tares.

The method of conducting the tcats consisted of setting
the outlet velocity of the jct at the highest attalnable value
and varylng the outlet-velocity ratio Vy/V Dby-changing the
dynamic pressure in the wind tunnel. Thls procedure causecd a
change in Reynolds number (from 700,000 to I,KG0,000, cascd
upon tinc mean eerodynamic chord of the models) that afiected
the aerodynamic cheracteristics of the models to some extent,
especinlly when the flaps were deflectcd. In order to c¢limi-
natec this variaocle; Jet—-off date were obtalned at the same
dynamic pressurcs ¢8 were the Jet-on deta. Comparison of the
results showed an incremernt in pitching mowen? &nd control
hinge moment due to jet operatlion. In order to illustrate the
effect of outlet-velocity ratlo, it has been assumed that
Reynolds number has a negligible effect on thcee lncrements,
and they have been added to the basic moment and hinge--moment
curves obtalned at the higher Reynolds number.

The nature of the flow in the region of a high~velicity
Jet wes investipsted by vicsual and cualitative obscrvations,
The epparatus for tre former method consisted cf a E-iach by
F-inch nlexiglass flow channcl, a two-dimensional Jjet, and a



crmoke gencretor. The Jet was supplied by eompressed air fronm
a sourcc of varlable pressure and issued from a 1/16-1iach slot
in a plenum ehzmber that cxtended aeross the flow ehannel.
Smoke was produecd by blowlng an o0il mixture through 2 hcated
eoil and was introduced into the low-veloelty eilr strean (6

to 12 ft/see) above the Jet outlet, - High-epeed photographs
werc taken of the smokc streamers through an outlet-veloeity
ratio rangec of O to &.

The magnitude and the dircetion of the change in flow
ebout the Jet outlet cof the single—~cngine eilrnlsne model were
measured .with a directionsl pitot- tube... The aceursey of this
instrument in measuring anglss of piteh and yaw is within
about £0.25~, and the dynumie wrcssure mcasurcments are within
about £1 nercent. .

The ehange in pressure distribution on the horizontal
tell surfaee of the einglc-engine fighter modcl was rneasured
by stetle rressure orificecs at ¢5 mercent end 50 pereent of
the elcvator semispan on &n airfdil located 6 inehes (model
scale) coove the eenter line of the jet outlet.

RESULT

()]

AND DISCUSSION

Flow Pettern

Since the high~-velocity jets of both cirplencs could
influcnece the flow in the vicinity of the taill and thereby -
change the stebllity, tcsts werc jmedc in a small flow channcl
to study the flow around the jet with smoke stresmers. Figure
5 shows photographs of thesc smoke strcamers. Thesc studics
indicste that the streamlines eurve toward the jet as the |
outlet-voloelty ratios is increrscd and that the greatest change
in stream dircction 18 near the jet outlet. lMeasurements, with
a direetional.pitot. fubc, of the magnitude of the flow-angle
changes about the jet of the single~engine &irplene model-are .
not of suffieicnt aeeuraey to dcterminc absolute values, since
the variation ls of the same mzgnltude as the aceuraey of the
instrument. Howcver, the data of Tigure 6 do show 'that-the-..
ehange 1in Btream direetion in_the. region of the horizontal
surfaee 18 small (1lcss than 1°). No measursble ehange in the
vclocity of thc strcam at the teil was noticed.

Change in Tail Load
The flow inelination causcd by the Jet produced an

increase in the download on the horizontel tail of the .
single—~engine airplene model becruse of an inercasc in
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downwesh angle snd a ehange in the effective camber of tre
airfoll sectlon. Measuremente of the pressure-eoefficlent

(P = oP/q) distribution show that the jot causes a deercase

in the nressure on the lower surface that inercases with Jet
thrust eocfficient {Tey') &nd deerecses with distance from the
center line of the Jet. {See fig. 7.) The change in pressure
coefficient 1s small, being equal to about 0.15 at 25 percent
of the semispan of the horizontal t7il for an outlet-vclocity
ratio of 12.

4 deerecrse 1n pressure on the lower surfacc of the hori-
zontal tall eauses a more positive itchling-moment coefficient.
Heesuremente of the pitching moment with the same horizontal
tall ae was used for the pressurc-distiribution tests showed &
positive shift of the pltehing-momcni—coefrlicient curve of
about 0.03 at an outlet-velocity roitlo of 12. Sinee the
pitching moment of the model without 2 tell wss8 not affected
by Jet operation, thls ehange in C, agreed with that
predleted by the presesure measurencntsa.

Chenge in Longitudinal Stobility

For the single-engline model, militery-rated-power opere-
tton of the jet-propulsion cngine of the ailrplane is
eharseterized by the varistion of thrust eoeffileient TcJ'

and outlet—velocity ratio VJ/V wlth soeed that i& shown
in flgure 8. The variations of pitching-moment and elevator
hinge-moment eoefficientes resulting fron opveration of the
Jet are shown in figure 9, 10, and 1l1l,, From these dsata,

the effeet of Jet operation upon an 2000~-pound single-engine
alrplene flying at sea lcvel has becn eomputed and is
summerized in the following table:

. I~ Wcesured change 1f "Eetimatcd change 1n
, Condition : stiek-fixed ncutral~ | neutral-point loea-

H ~ poilnt loeation tion (from ref, 3).

Flaps retrected I 2 pereent M.A.C, 2 percent M.A,C.
Flaps 55° i 1 perecnt 4.A.C,

For the twin-engine eirplsnec, the varietion of outlet-velocity
ratlo, thrust eoefficient, and 1i1ft cocffielent with airspeed
ere given in figure 12, Figures 13, 1%, and 1% show the
effects of jJet operation on the stability ond control and




clevator hinge moments. The measurcd and estimested ehanges
in stiek-fixed stability for the twin-engine airplane are
given in the following table:

: reasured change in cstimated change 1n

Condition stilck-rixed neutrel ncutrel point location
point location (from reference 3).
Flepe retreseted 3 percent ii.4.C. 4.2.percent ii.4.C.

Flaps deflected U percent }.A.C.

" From these ‘data 1t 1s concluded thot the effects of Jjet oper—
ation on the stick—~fixed stability arc small and may oe
predicted with rcasonable accuraey from Known theorice.

The effects of Jet operation on the elevator hinge
moments of the single-engine airplanc result in an increase
in stick-free stzollity becsuse of the incrcase in Cp,.
Calculeted stiek-frce neutral-point shifts of ‘30 percent
for this eondition arc not of significcnee, however, since the
force variation with speed is very slightly increasscd. For
the twin—-enginc airplane the effeet of Jet overation on the
hinge-monent cheraeterigtics 1s negliglble, insofar s changes
in stick—frece stabllity are conccrned.

Directional Stability

Teste of the dircectienal stability with jets operating
show ncgligible changes in stability and trim.

CONCLUDIXG RTIIARKS

It is concluded that the cffcets of jet operation on the
stebllity eharccterietics of alrplanes sir'lar to those for
which model tests were zade will be small po-vided the Jet
does not impinge on the taill., The stabilitr changes can be
predicted with reasonable accuracy from known theories. It
is possible that for certain locations of thc tail plane
relative to the Jet, stability ehanges apprcelably greater
than those found for thec models of this report may be
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experienced.  Study of the theoretical treatises will show
regions of large flow anglce which should be rvolded -in
fixine tne position of the tail. . : A

. brmes Acronautical Laboratory, . _ . ... ..
National advisory Comuittee for Acroheutics,
lloffett Field, Calif., Nov. &, 1945,
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